Context: Awake craniotomy is increasingly performed the world over. We share our experience of performing craniotomy awake with our anesthetic protocol. Aims: To evaluate and analyze the anesthesia records of the patients who underwent awake craniotomy at our institution. Settings and Design: University teaching hospital, Retrospective study. Materials and Methods: We reviewed records of the 42 consecutive patients who underwent awake craniotomy under conscious sedation using Fentanyl and Propofol infusion until December 2005. The drugs were titrated (Bispectral monitoring was used in 16 patients) to facilitate intermittent intraoperative neurological testing. All patients received scalp blocks with a mixture of bupivacaine and lignocaine with adrenaline. Haloperidol and ondansetron were administered in all patients at induction of anesthesia. Results: All patients completed the procedure. One patient each needed endotracheal intubation and LMA for airway control during closure, while another required CPAP perioperatively because of desaturation to <80%. There was signiÞ cantly decreased use of anesthetics (P<0.001) and a trend towards reduction in complications (e.g. respiratory depression and deep sedation) (P>0.05) with the use of BIS as compared to without BIS. Intraoperative complications were hypertension (19%), tight brain (14.2%), focal seizure (9.5%) respiratory depression (7.1%), deep sedation (7.1%), tachycardia (7.1%) and bradycardia. Two patients desaturated to <95%. 23.8% patients developed transient neurological deÞ cits. The most frequent postoperative complications were PONV (19%) and seizures (16.6%). Conclusions: With the use of advanced monitoring and newer anesthetics, awake craniotomy is a relatively safe procedure with an accepted rate of complications.
of the tumor located in the eloquent areas of the brain or for localization and resection of seizure focus. The challenge before the anesthesiologist is to provide adequate analgesia and sedation, hemodynamic and respiratory stability and a safe airway, with awake, cooperative patients for neurological testing.
In our institution, we have been performing awake craniotomy for the last five years. The aim of the study is to analyze our data of anesthetic management of the patients in whom awake craniotomy was performed at our institute until December 2005.
Materials and Methods
We retrospectively reviewed the anesthetic management and incidence of complications of all patients who had undergone awake craniotomy (excluding patients undergoing awake stereotactic procedures or open brain biopsies). The study was approved by our institute for a confidential review of the patient notes, which were to be taken from medical record department. The anesthetic records, operation notes and the postoperative notes were examined and the incidence of complications [deep sedation (defined as drug-induced depression of consciousness during which patients cannot be easily aroused but respond purposefully following repeated or painful stimulation), hypertension (systolic blood pressure >30% of base value), tachycardia and bradycardia (heart rate > 140 and < 50 bpm respectively), respiratory depression (RR <8 breath/min), desaturation (SpO 2 <95%) and nausea and vomiting (PONV)] was recorded. Any patient developing neurological deficits (transient or permanent) was also noted. Transient neurological deficits (consist mainly of sensory or motor deficit) are defined as the neurological deficit, which is There is an increasing trend towards performing craniotomy awake. This is done either for resection either improved or recovered fully during the first six weeks of follow-up. All other neurological deficits are classified as permanent neurological deficits. Patients were selected for the surgery on the basis of their requirement for awake craniotomy as well as patient's affirmation to cooperate fully with the procedure. The precise indications for surgery were (i) lesions near the eloquent cortex determined by MRI, (ii) patients with overlap of functional areas with the lesion based on fMRI, (iii) clinical evidence of functional overlap with lesions meant for resection, (iv) conditions where an intentional but acceptable deficit is planned and (v) when an extra-operative stimulation (based on a subdural grid) showed functional areas in or in close proximity with epileptogenic zones. Anesthesiologists involved with the procedure visited these patients one day prior to surgery. The main purpose of the preoperative visit included taking patients into full confidence and a lengthy explanation of the chronological sequence of the procedure and the points during which pain or discomfort might be experienced. Patients were kept fasted since midnight and were administered clonidine (4 µg/kg), ranitidine, atenolol (25 mg) and double the dose of anticonvulsants orally in the morning, however, anticholinergics were avoided. Any cardiac medications were continued as usual.
Preparation in the operating room involved making the patient as comfortable as possible. Operating room temperature was kept warm or alternatively, warming blanket/forced air warming device was used. O 2 was started via nasal cannula (2-4 LPM), once patients arrived in the operating room, an intravenous cannula, an arterial cannula in one of the radial artery and a central venous catheter into the patient's antecubital vein were sited under local anesthesia. Patient was further monitored with ECG, end tidal carbon dioxide (EtCO 2 ) pulse oximetry (SpO 2 ), urine output and Bispectral index (BIS) (as per the availability). All patients were monitored with electrocorticography (ECoG), somatosensory evoked potential and direct cortical stimulation, however, motor evoked potential was not used.
Scalp nerve blocks were performed bilaterally in all patients while awake by a mixture of 0.25% bupivacaine and 1% lignocaine with 1: 200 000 adrenaline (2-5 ml at each infiltration site). The nerves infiltrated were supratrochlear and supraorbital, auriculotemporal, greater and lesser occipital and great auricular. All patients received fentanyl (approximately 25-50 µg) i.v. before scalp blocks. Patient's head was positioned either on horse-shoe head holder or on pins as per the requirement. The same mixture was used at pin insertion site (1.5 ml at each site) and at skin incision site. Total dose of local anesthetics was carefully calculated to avoid using above maximum permissible limit. Patients were induced with intravenous fentanyl (0.5-1.0 µg/kg), propofol (1-2 mg/kg) and midazolam (1-2 mg) followed by infusion of fentanyl (0.5-2 µg/kg/hr) and propofol (1-5 mg/kg/hr). All patients also received intravenous haloperidol (2.5-5 mg) at induction. The drugs were so titrated to keep BIS value above 60 (if used) and to facilitate intraoperative neurological testing without compromising patient's airway and respiration. Also, ondansetron (4 mg) was administered before start of surgery and at closure of the duramater. To treat tachycardia and/or hypertension, metoprolol was administered and anesthesia was deepened. Furthermore, intravenous diclofenac (50-75 mg)/ tramadol (50-100 mg) were administered as per patient's response to pain. Again local anesthetic was infiltrated at skin incision site after closure of the dura. All patients received antibiotic, corticosteroids, anti-epileptic drugs and mannitol during the intraoperative period. Some patients required furosemide. Postoperative pain was controlled with intramuscular diclofenac and/or intravenous tramadol. We used 'conscious sedation' technique (in which use of drug(s) produce(s) a state of depression of the CNS enabling treatment to be carried out, but during which verbal contact with the patient is maintained throughout the period of sedation [1] ) in all of our patients.
Data were analyzed (SPSS version 11.0) using student's t-test and Fisher's exact test wherever appropriate. A P value of < 0.05 was considered as significant.
Results
Forty-two patients had undergone awake craniotomy. The pathological diagnosis, demographic and operative characteristics as well as complications are shown in Tables 1, 2 , 3 and 4. Of 42 patients, 11 were operated for refractory epilepsy while the rest for tumor resection. Two patients required airway intervention. One patient needed continuous positive airway pressure (CPAP) during surgery and up to 2h postoperatively. The most frequent intraoperative complications observed were hypertension and tight brain.
Bispectral index was used in 16 patients. Use of propofol and fentanyl were significantly reduced where BIS was used as compared to no BIS group (P<0.001) [ Table 5 ]. No patients in the BIS group had either respiratory depression or deep sedation. There was a lack of statistical significance between the two groups as regards the complications observed in this study (e.g. respiratory depression, deep sedation and occurrence of intra-and/or postoperative seizure) (P>0.05) [ Table 5 ].
Discussion
Awake craniotomy allows cortical mapping with patient cooperation and helps prevent neurological dysfunction. Despite widespread use of this technique, its optimal anesthetic management remains a challenge.
[2] It requires (i)sufficient depth of anesthesia, (ii)full cooperation and consciousness during cortical mapping, (iii)smooth transition between anesthesia and consciousness, (iv)adequate airway and (v)patient immobility.
[2] To satisfy these requirements, several techniques have been described [3] [4] [5] that included sedation and local anesthesia under monitored anesthesia care (MAC) also called conscious sedation, asleep-awake-asleep technique using laryngeal mask airway (LMA) or endotracheal intubation and breathing spontaneously, and total intravenous anesthesia with controlled ventilation using endotracheal intubation during opening and closure of the skull and performing extubation during neurological assessment. We used conscious sedation technique in all patients.
Currently, a number of agents are available that provide adequate analgesia/sedation, minimally interfere with ECoG and allow for rapid recovery when conscious is required. Propofol infusion is one of them [6] or in combination with short-acting narcotic.
[7] Propofol offers the advantages of being a short-acting sedative with antiemetic and amnestic properties in sedative doses, [8] [9] as well as its ability to reduce the incidence of intraoperative seizures without compromising the quality of ECoG monitoring during awake craniotomy for seizures.
[10] Furthermore, stopping the propofol 5 min before ECoG did not affect the monitoring. [10] Propofol sedation in combination with fentanyl was compared to the more traditional fentanyl-droperidol regimen in patients operated for seizures by Herrick et al. and it was found that while levels of intraoperative sedation, patient satisfaction and cognitive functions were similar in both groups, the incidence of transient hypoventilation was more among the propofol-treated patients.
[11] Propofol can also be administered through target control infusions. [12] Gignac et al.
[13] compared fentanyl, sufentanil and alfentanil, in addition to droperidol during awake craniotomy for epilepsy. Sufentanil and alfentanil offer some theoretical advantages over fentanyl like the conditions for the surgery, ECoG monitoring and for stimulation testing.
[13] The main complications found in their study were PONV, seizures, desaturation, increase in EtCO 2 .
[13] Despite rise in EtCO 2 , none of the their patients had "tight" brain upon dural opening. [13] In contrast, 14.2% of our patients had "tight brain". The higher incidence of this could be related to poorly defined "tight brain" and subjective variation in assessment of its occurrence. Remifentanil has also been used satisfactorily by Johnson et al. [14] and a combination of propofol-remifentanil infusion has gained popularity in the management of awake craniotomies. [15] We performed awake craniotomy with fewer complications than reported by others. Respiratory depression and deep sedation were attributed to the use of increased dose of anesthetics. However, none of the 16 patients in whom BIS was used had respiratory depression or deep sedation. Furthermore, incidences of PONV, desaturation and increase in EtCO 2 were lower in our series than Gignac et al.'s study, [13] however, incidence of seizure was higher in our study. This can be partly attributed to the learning curve for the team involved as confirmed by our data which showed fewer patients had postoperative seizure during surgery of next 21 patients as compared to first 21 patients (2 vs. 5) (P=0.09), however, more patients had intraoperative seizure who were operated during the later half (1 vs. 3) (P=0.42). Recently, Skucas et al. reported higher incidence of intraoperative complications in sleepawake-asleep technique than in those where general anesthesia was administered.
[16] Our incidence of complications is comparable to that of Skucas et al.'s study except for the incidence of seizure which was higher in our study. Furthermore, surgical and anesthetic procedures in our series also took a relatively longer time than expected, [3] which can again be attributed to the initial learning curve. Time to complete the procedure, however, decreased progressively. Two patients had bradycardia intraoperatively which is occasionally seen during epilepsy surgery. [17] Hospital stay for awake craniotomy was 13.3±4.2 (mean±SD) in our series. It is difficult to prove whether our protocol facilitated shorter hospital stay as there were no comparable data and was beyond the aim of this study. However, Blanshard et al have concluded that patients can be discharged on the same or next day after surgery provided stringent criteria for patient selection is made. [18] We avoided anticholinergic as a premedication as it causes unpleasant dryness of mouth while patient remains awake. However, we routinely administer clonidine, ranitidine and antiemetics before scheduled surgery. Our patients had stable hemodynamic on arrival to operation room which is expected in view of clonidine's ability to induce mild sedation, hemodynamic stability and an analgesic and antiemetic effect. [19] Haloperidol used in this series is a butyrophenone similar to droperidol with longer duration of action that lacks significant alpha-adrenergic antagonistic effects with no reported cardiac toxicity. Its clinical effect is characterized by trance-like (cataleptic) immobility in an outwardly tranquil patient who is dissociated and indifferent to the external surroundings. It has an antiemetic effect at considerably lower doses that are generally used for the treatment of psychosis or the control of agitation.
[20] The only concern with haloperidol is its potential to cause neurological adverse effects at low, antiemetic doses and in rare instances, can cause extrapyramidal symptoms.
[20] Fortunately, none of our patients had these because of its use. It may also cause sedation, especially if used in large doses. To the best of our knowledge, ours is the first reports of its use in a considerable number of patients subjected to awake craniotomy.
We administered double the dose of antiepileptic drugs in the morning of the surgery and another dose once ECoG recording was over. Despite this protocol, we encountered intraoperative focal seizures and postoperative generalized seizure in 9.5% and 16.6% of cases respectively. Use of double the dose of antiepileptic drugs preoperatively did not interfere in ECoG recording in any patient and can be used especially in those patients who are at greater risk of developing it. Once seizures occur they can be controlled by administering another dose of antiepileptic drugs and/or intravenous midazolam. However, midazolam may interfere with neurological testing. Keifer et al. advocated application of ice slush irrigation at the surgical field to treat seizures.
[21] Several investigators demonstrated predominant anti-convulsant activity associated with propofol, [22] [23] however, we could not say with certainty whether its use indeed helped in decreasing the incidence of seizure. Effects different newer opioids (viz. fentanyl, sufentanil and alfentanil) on the ECoG and central nervous system are similar. [24] However, the differences in the clinical effects of these opioids are due to their different pharmacokinetic properties.
[25-26] Tempelhoff et al. described increased fentanyl requirement for those who are on chronic antiepileptic drugs during anesthesia for craniotomy, [27] however, we did not observe increased requirement in our patients. This could possibly be because of (i)most of the patients were not on chronic antiepileptic drugs, (ii)use of diclofenac and/or tramadol, (iii)use of clonidine [19] and (iv)use of BIS. Bispectral index (Aspect Medical Systems, Natick, MA) was used to measure depth of anesthesia. It has been shown to correlate well with the hypnotic component of anesthesia and can be used as a guide to the administration of volatile and intravenous anesthetics.
[28] It can also vary in response to noxious stimuli such as the application of a head holder.
[29] This is the first large series of using BIS in awake craniotomy. We found that with the use of BIS, dose of propofol and fentanyl were significantly reduced as compared to no BIS monitored patients [ Table 5 ]. This finding is consistent with many other researchers where it is documented that BIS significantly reduces consumption of many anesthetic agents, [30] however, overall cost of anesthesia might be increased because of high cost of BIS electrode.
[31] We advocate a further study to analyze the 'cost-effectiveness factor' by using BIS in this subset of patients. Furthermore, none of our patients who were monitored with BIS had respiratory depression or deep sedation, which entails its usefulness in the present context. Hans et al. described the use of BIS in a patient for awake craniotomy using target-controlled infusion of propofol and remifentanil. [32] Respiratory compromise is possible when using a technique with an unsecured airway. Transition from conscious sedation to deep sedation is likely if dose of the anesthetics are not titrated precisely or it occurs even with the use of shorter-acting opioids.
[21] Emergency control of airway is of paramount importance in these situations. One should choose a technique where controlled ventilation can be achieved easily without disturbing the surgical field. This may sometimes be difficult when the head of the patient is inaccessible or fixed on pins. Airway should be controlled to earliest possible opportunity to avoid ventilatory depression and hypercarbia and the consequences thereof on cerebral hemodynamics.
[33] One should also remember that the patients need to be awake and possibly be extubated for neurological testing and hence the anesthetics chosen for emergency airway control should have shorter duration of action and should be such as can easily be reversed. Another major problem encountered in spontaneously breathing but sedated patients is that EtCO 2 cannot be completely controlled and this is the reason why four of our patients (9.5 %) had their EtCO 2 >50 mmHg. This could be because of deepening the anesthesia to obtund the intense surgical stimulation. [13] One of our patients required endotracheal intubation as this patient became restless and developed bodily pain for lying supine for a prolonged period. Fortunately, the airway was secured with intubating LMA (ILMA) using succinylcholine and thiopental sodium i.v. without much difficulty as the patient's head was on horseshoe head holder. Another patient required LMA during dura closure as this patient became apnoeic. No difficulty was encountered while securing the airway (using propofol without muscle relaxant) despite the head being on pins. If head is fixed on pins, intubation can be performed using fibreoptic (FOB) guided endotracheal intubation or classical LMA/ILMA/cuffed oropharyngeal airway insertion or by CPAP. [2, 16, [33] [34] One patient required CPAP perioperatively because of desaturation during surgery. Continuous positive airway pressure was delivered through nasal trumpet during intraoperative period and through face-mask in the postoperative period. Skucas et al., [16] also reported airway/ventilation complications in 1.8% of their cases as compared to 7.1% in this series. Yamamoto et al. have also used noninvasive ventilation in two patients scheduled for awake craniotomy and advocated its use in certain circumstances. [2] Prevention of PONV is of paramount importance while the patient is in conscious sedation state. Fortunately, none of our patients either nauseated or vomited intraoperatively. However, 19% of patients had incidence of PONV. Other authors reported incidence of PONV as high as 50%.
[13] The difference in this series could be attributed to adequate pain relief (not analyzed in the present series), use of antiemetic, clonidine, haloperidol and propofol perioperatively.
Despite continuous neurological monitoring, 23.8% developed transient neurological deficits in our series with no reported incidence of permanent neurological deficit. Taylor et al. reported 8.5% and 4.5% incidence of transient and permanent neurological deficits respectively.
[3] Higher incidence of transient neurological deficit in our series could be because of our different approach of performing awake craniotomy in which surgical resection was maximized at the calculated risk of development of mild or acceptable neurological deficits, learning curve and fewer patients recruited as compared to Taylor et al., (42 vs. 200) . [3] The youngest patient operated in our series was a 12-year-old boy. This patient was properly evaluated by the psychologist. He was found to be very cooperative and showed high level of endurance and was able to concentrate and perform specific frustrating tasks for longer duration and inference was drawn that the child can undergo the procedure safely. This entails that the procedure could be safely conducted even in younger children. [35] Using this protocol, awake craniotomy is performed safely. Furthermore, our protocol has been improved upon by using BIS, avoiding anticholinergic as a premedicant, using β-blockers intraoperatively to treat tachycardia and/or hypertension and use of antiemetics.
In summary, judicious use of anesthetics and its adjunct allows satisfactory conditions for awake craniotomy without development of significant complications in small series of this retrospective study.
